The latest BaBar measurements of the ratios R(
Introduction
Semileptonic decays induced by the b → c ν transition are the cleanest modes to measure the element V cb of the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Recently, the possibility to use them to test lepton flavour universality and to reveal new physics (NP) effects emerged, prompted by the BaBar Collaboration results [1] : 
(the first and second error are the statistic and systematic uncertainty, respectively). As I discuss in the following, the results in (1) globally deviate at 3.4σ level with respect to the Standard Model (SM) predictions [1, 2] , and they might be due to new particles with large couplings to the heavier fermions, namely charged scalars contributing to tree-level b → c ν transitions [2, 3] . However, if such new particles exist, they should also affect the purely leptonic B − → τ − ν τ mode, for which the most recent experimental branching ratio determinations are compatible with the SM prediction [4] . To assess whether the results in (1) are a signal of NP, one should investigate which NP scenario can reproduce them without affecting the leptonic mode. Here, I summarize the analysis in [5] devoted to such an issue.
Exclusive b → c ν decays
A modification of the SM effective weak Hamiltonian that produces a variation of the ratios (1), leaving the purely leptonic B decays unaffected, is
G F is the Fermi constant, and a new tensor operator has been introduced, with the coupling T assumed to mainly contribute for = τ :
e,µ T = 0 and T ≡ τ T . Physical observables allow us to constrain this coupling.
To compute the branching ratios in (1), the hadronic matrix element of the Hamiltonian (2) between the B and D ( * ) mesons are required. In the case of B → D ν , they can be parameterized in terms of the form factors F 0 (q 2 ), F 1 (q 2 ) for the SM part, and of F T (q 2 ), G T (q 2 ) for the tensor operator. In the case of B → D * ν , the form factors are
, respectively (see [5] for the matrix element parametrization). In the infinite heavy quark mass limit, all those form factors can be related to the Isgur-Wise universal function ξ [6] . In [5] the results in [7] for such relations have been used, which include next to leading order corrections both in 1/m b,c and in O(α s ). Moreover, the experimental results of the BaBar analysis of B → Dµν µ [8] and of Belle analysis of B → D * µν µ [9] have been exploited to fix the parameters of the function ξ. As a result, the SM predictions for the ratios in (1) 
NP predictions for R(D ( * )
) and other observables
The inclusion of the new tensor operator in (2) modifies the SM prediction for R(D ( * ) ). Therefore, the coupling T can be bound in order to reproduce the results (1); predictions for other observables can be worked out with T varying in the obtained region [5] . The experimental constraints bound the region shown in Fig.1 . The biggest circle represents the constraint from the R(D) data, the smaller circle is derived imposing the result for R(D * ). Adopting the parameterization T = |a T |e iθ + T 0 , the result depicted in Fig.1 can be written as
Several observables can be computed varying T in this range [5] . The spectra dΓ(B → D ( * ) τ ν τ )/dq 2 (summed over the D * polarizations) have been measured by BaBar [10] and compared to SM predictions, arguing that the SM distributions are compatible with data. Fig.2 shows that there is compatibility also in the NP scenario discussed here, therefore the shape of the decay spectra is not effective to discriminate between the two possibilities. Observables showing more significant deviations from the SM predictions are the D * longitudinal (L) and transverse (T)
ranges between 0.75 at low q 2 and about 0.35 at high q 2 ; in NP, with T in the region (3), F L (q 2 ) varies between 0.35 and about 0.65 at low q 2 , converging to the SM value at high q 2 . While in the SM the longitudinal F L dominates at small q 2 , in NP F L and F T have similar size up to q 2 = 6 GeV 2 . A very sensitive observable is the forward-backward A F B (q 2 ) asymmetry in B → Dτ ν τ and B → D * τ ν τ . It is defined as
θ being the angle between the direction of the τ and the D ( * ) in the rest frame of the lepton pair. Fig.3 shows A F B (q 2 ) for B → D * τ ν τ . The SM prediction is affected by a tiny theoretical uncertainty, since the dependence on the hadronic form factors reduces in the ratio. In the case of NP, the prediction takes into account also the uncertainty on θ and |a T |. 
(right) distributions in the NP scenario (for the central value of T , shaded histograms), compared to the BaBar data (points) [10] . The distributions are normalized to the total number of events.
although the experimental determination of the zero of A F B (q 2 ) is a challenging task, this observable can discriminate SM from NP.
4 Role of the tensor operator in B → D * * ν decays
The new operator in the effective Hamiltonian (2) affects other exclusive decay modes, in particular the semileptonic B and B s transitions into excited charmed mesons. In the heavy quark limit, the lightest of such hadrons, generically denoted as D * * (s) , can be classified in doublets:
. All these mesons, with and without strangeness, have been observed with features fulfilling the theoretical expectations [11] . The tensor operator af-
with
, as well as the analogous ratios for B s → D * * s ν transitions (the form factors are taken in the SU (3) F symmetry limit ). In the heavy quark limit, the semileptonic B decays to D * * in the same doublet can be described in terms of a single universal function. The tensor operator produces an increase of the ratios R, correlated for the two states in each doublet. The results are rather stable when different models for the τ functions are used, namely those in [14, 15] . Also in the case of final states with D * * mesons, sensitive observables are the forward-backward asymmetries. The most interesting ones 
Conclusions
A possibility to explain the ratios in (1), leaving B → τ ν τ unaffected, is an additional tensor operator in the effective b → c ν Hamiltonian. Its coupling T has been constrained using experimental data and employed to compute several observables. The most sensitive one to discriminate the NP scenario from SM is the forwardbackward asymmetry in B → D * τ ν τ , with a shift in the position of its zero. In the case of B decays to excited charmed mesons, the NP model predicts an enhancement of the ratios R with respect to SM and a sizable modification of the forward-backward asymmetries in the decays to D 1 and D * 2 .
